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INTRODUCTION
Mandibular articulation deviation refers to asymmetry of the mandible relative to the median sagittal plane of the skull. It is a common clinical type of malocclusion that can lead to mandibular movement abnormality, occlusion disorder, periodontal injury, and temporomandibular joint disease (1) . Mandibular deviations can affect maxillofacial features and cervical posture, and they are correlated with functional abnormalities of the facial and neck (cervical) muscles (2) . In clinical practice, orthognathic surgery is the most effective therapeutic method for severe mandibular deviation, whereas camouflaged orthodontic treatment is more easily accepted among patients with mild or moderate mandibular deviation. Although both orthognathic and orthodontic treatment methods modify the occlusion or tongue position of patients, this occlusion will inevitably influence the stomatognathic system (3) . The position of the hyoid, which is always abnormal among patients with mandibular deviation, is easily influenced by the positions of the tongue, the mandible, and the suprahyoid and infrahyoid muscle groups; furthermore, patients with different vertical skeletal craniofacial patterns of mandibular deviations have varying degrees of differences in hyoid position (4, 5) . The effects of orthodontic treatment on the hyoid position of patients with different vertical skeletal craniofacial patterns of mandibular deviations have not been reported in literature.
In the current study, the hyoid positions before and after orthodontic treatment of patients with different vertical skeletal craniofacial patterns of mandibular deviation were measured using the WinCeph 8.0 cephalometric analysis system. These measurements were then compared statistically.
SUBJECTS AND METHODS
A total of 60 patients with mandibular deviation who received orthodontic treatment at the Affiliated Hospital of Medical College, Qingdao University between 2006 and 2010 were enrolled in the study. The subjects included 30 males and 30 females with ages ranging from 11 years to 16 years, with an average of 15.4 years. The selection criteria included the following: 1) mandibular articulation deviation, with the chin deviating by 2 mm to 5 mm from the facial median line according to skull X-rays; 2) permanent tooth occlusion with a centred upper median line, but with a deviated lower median line (above 2 mm), and without tooth alignment deficiency, according to clinical examination; 3) no history of orthodontic treatment, facial trauma, or temporomandibular arthrosis, as well as no tonsillar hypertrophy and 4) a willing-ness to improve facial features through orthodontic treatment alone.
All enrolled patients signed an informed consent form. All procedures were in accordance with the Declaration of Helsinki and were approved by the Ethics Committee of Qingdao University Medical College, China.
After treatment, the chin deviations in all the patients improved. The deviation of the lower median line from the upper median line was reduced to less than 1 mm, and the overjet and overbite of the anterior teeth became normal. Differences and changes in the molar relation as well as any sagittal skeletal craniofacial deviations were excluded from consideration.
Cephalometric analysis
A cephalometric radiographer was used. The linear amplification ratio was set to 9%, which was not corrected during the whole procedure. Each patient was seated upright with a straight back, and the position of the head was strictly fixed, with the eye-ear plane parallel to the floor. The lips were closed naturally with a centric dental occlusion. Radiographs of the lateral projection of the cranium were taken before and after the orthodontic treatment for each patient. The angle of the mandibular plane was measured using the WinCeph version 8.0 cephalometric analysis system. Based on the different mandibular plane angles, the patients were divided into the average angle (Group 1), high angle (Group 2), and low angle (Group 3) groups, with 10 males and 10 females in each group.
Seven measurement marking points and three reference planes were determined in cephalometric analysis (Figs. 1 and 2). The measurements were based on the method by Jena and Duggal (5) . The lines passing the points S and PTR, vertical to the FH plane, were taken as the two vertical reference planes, whereas the horizontal line passing the point C 3 C was considered the horizontal reference plane. These reference planes were used to evaluate the horizontal Orthodontic Treatment of Patients with Mandibular Deviation anteroposterior movement of the hyoid position. The vertical distances from the points H and G to the C 3 C plane were used to evaluate the vertical movement of the hyoid position. The included angles between the H axis and the PTR plane (Angle 1), as well as between the H axis and the C 3 C plane (Angle 2), were used to evaluate possible changes in the inclination of the hyoid body. The marking points and reference planes in the present study are all located around the hyoid, thereby avoiding inaccurate measurements of the changes in hyoid position caused by excessively far distances between the measurement points and the hyoid, as in other measurement methods.
Statistical analysis
All cephalometric data were measured thrice by the same physician, and the mean values were obtained. The data were then analysed using SPSS version 18.0 statistical software. A paired t-test was performed to compare the measurements before and after orthodontic treatment in each group, and one-factor analysis of variance (ANOVA) was performed for comparisons among groups.
RESULTS

Post-treatment changes in hyoid position
The results are summarized in Table 1 . The high angle group showed the most obvious anteroposterior movement in hyoid position among the three groups after orthodontic treatment. In this group, a significant forward movement was observed after treatment compared with that before treatment (p = 0.012). The hyoid position in the low angle group was more anterior than those in the other two groups, both before and after orthodontic treatment. After treatment, a significant forward movement was also observed in this group (p = 0.048).
Point H in the high angle group showed a significant upward movement after treatment (p = 0.05), but such a significant change was not observed in the height of point G. In contrast, the average angle group showed a significant downward movement in point H (p = 0.031), as well as a significant upward movement in point G after treatment (p = 0.046), but did not show a significant change in the inclination of the hyoid body.
The low angle group showed the largest increase in the inclination of the hyoid body after treatment (p = 0.00).
The ANOVA shows that the influence of orthodontic treatment on the height of point H of the hyoid (F = 6.37, p = 0.003), angle 1 (F = 6.204, p = 0.004), and angle 2 (F = 3.393, p = 0.025) was significant. The average angle group showed significant differences in the three indices compared with those in the high angle and low angle groups. However, no significant differences were observed between the high angle groups and the low angle group.
Post-treatment changes in mandibular plane angle
Orthodontic treatment significantly influenced the mandibular plane angle of the high angle group (p = 0.012). The and vertical movements in hyoid position. The respective vertical distances between point H and the S reference plane, as well as the PTR reference planes were used to evaluate the Yang et al Line distances and angles for hyoid position change measuring. 1, the distance between H and PTR-per; 2, the distance between H and S-per; 3, the distance between H and the C 3 C horizontal line; 4, the distance between G and the C 3 C horizontal line; 5, the included angle between the H axis and PTR-per and 6, the included angle between the H axis and the C 3 C horizontal line. results obtained from the paired t-tests are summarized in Table 2 .
DISCUSSION
Mandibular deviation should be treated as early as possible. Orthodontic treatment stops the progression of early mandibular deviations induced by abnormal muscular activities, tooth malposition, occlusal interference, and so on to prevent the formation of bone deformities. In the present study, the subjects were selected according to a gender ratio of 1:1 to exclude the influence of sex on the obtained results because the hyoid position in males is more likely to move forward with age compared with females (6) . Both the lateral and individual tooth crossbite occlusions can cause lateral tooth dysfunction. This condition can further lead to weaker muscular strength on the ipsilateral side compared with the contralateral side. After the mandibular deviation was improved and a new occlusal relation was established through orthodontic or orthognathic treatment, the motor function of the related perioral muscle groups changes, resulting in a change in hyoid position, which is greatly influenced by the perihyoid muscles and the mandibular position (7) (8) (9) . Similarly, the hyoid position can also change after the mandibular sagittal and vertical positions change. Conducted mandibular forward protrusion influences hyoid position and the size of the pharyngeal airway by varying degrees (10) , whereas protruded mandibular withdrawal through orthognathic treatment causes backward movement of the hyoid (11) .
The low angle group presented the most anterior and the lowest hyoid position both before and after treatment. Orthodontic treatment had the most obvious influence on hyoid inclination in this group. A clockwise rotation of the hyoid was observed after treatment, but significant changes in its general height and anteroposterior position were not observed. Jena and Duggal (5) also found that patients with low-angle mandibular deviation have more anterior hyoid positions than other patients. Therefore, the high incidence of severe obstructive sleep apnea syndrome among Class II brachyfacial patients is likely correlated with a relatively posterior hyoid position. The clockwise rotation of the hyoid position in the low angle group may be correlated with the pulling effect of the suprahyoid muscle groups after deviation correlation or improvement. This change is related to the heavy muscle tension among low-angle patients (12, 13) . In this study, the high angle group presented the most posterior hyoid position before and after treatment. After the treatment, the hyoid position showed forward and upward movements, and the mandibular plane angle was significantly reduced (p = 0.012). These results indicate that a change in the mandibular plane angle influences hyoid position. This study also demonstrates that orthodontic treatment has a relatively small influence on hyoid position in the low angle group. After treatment, the hyoid body in the low angle group moved downward whereas the thyrohyoid moved upward, showing a general downward movement. These results indicate that changes in hyoid position are correlated with vertical skeletal craniofacial deviations. In this study, all the selected subjects were past the tooth growth and development stage. Therefore, only camouflaged orthodontic treatment was performed for them. Consequently, their pre-existing bone deformities remained after treatment. However, as the treatment progresses, adaptive rebuilding can still be performed on the alveolar bone and muscle nerves, thereby changing the hyoid position as well as the different types of malocclusions (14) (15) (16) .
Orthodontic Treatment of Patients with Mandibular Deviation
In summary, the hyoid positions among different types of vertical craniofacial deviations differ significantly. Orthodontic treatment has different degrees of influence on hyoid position, to which patients with exceedingly high or exceedingly low mandibular plane angles are more susceptible. Changes in the hyoid position influence the area and morphology of the pharyngeal airway (17) (18) (19) (20) , but the influence remains to be explored.
